Phage ml 3 receptor substance was isolated from the plasma membrane of Streptococcus lactis, strain ME 3, by extraction with sodium deoxycholate at 37 °. A twelvefold purification of the receptor substance was obtained by filtering the deoxycholate extract through a column of Sepharose 4B, in the presence of deoxycholate. Receptor activity was specific for phage ml 3 and was associated with a lipoprotein fraction which contained five principal and some minor polypeptide components. When phage receptor substance was aged in the absence of deoxycholate, aggregation of lipoprotein and a reversible loss of receptor substance occurred. Receptor activity was destroyed by extraction of the receptor substance with ether + ethanol at -2o ° and was decreased by incubation with trypsin. Activity was not affected by oxidation with sodium periodate or by digestion with Iipase or phospholipases. The phage receptor substance was precipitated by antibody to the plasma membrane and activity appeared to be confined to a small proportion of the antigenic lipoprotein molecules.
INTRODUCTION
The attachment of a bacteriophage to its host bacterium is often a highly specific process in which specificity is largely determined by the chemical properties of phage receptor substances present in the surface layers of the host cell. It is now apparent that a wide range of bacterial polymers can function as receptor substances. Thus, in gramnegative bacteria, receptor substances have been characterized from 5:higella sonnei as lipopolysaccharide (Jesaitis & Goebel, I952) , from Brucella melitensis as protein (Tuszkiewicz, I965) , and from Proteus mirabilis as lipoprotein (Zickler, I967) . The characterization of the receptors of phages attacking gram-positive bacteria has been delayed by difficulties in isolating soluble receptor substances, probably because the various cell wall polymers are more extensively cross-linked than those in the walls of gram-negative bacteria. However, by the use of selective enzymic and chemical procedures, it has been shown that a combination of mucopeptide and glycosylated teichoic acid is required for receptor activity in Bacillus subtilis strain w23 (Glazer, Ionesco & Schaeffer, i966) , B. subtilis strain I68 (Young, I967), in Staphylococcus aureus strain COVENHACZN, (Coyette & Ghuysen, I968) , and in 5:. aureus strain 7I (Chatterjee, 1969) . Other types of phage receptor in gram-positive bacteria apparently include a complex of mucopeptide and phospholipid in 5:. aureus, strain 77 (Cameron & Osborne, ~967) , polysaccharide in S. aureus strain vs73 (Scheer & Koft, I968) and complexes of mucopeptide and poly-* Present address: The Microbiological Research Establishment, Porton, Salisbury, Wiltshire. J.D. ORAM saccharide in a group C streptococcus (Krause, I958) and in a group N streptococcus (unpublished results) .
With the exception of the case reported by Cameron & Osborne 0967) , it is probable that the irreversible attachment of phage requires some structural integrity of the grampositive bacterial wall (Coyette & Ghuysen, I968; Chatterjee, I969) . Thus, phage inactivating extracts obtained from gram-positive bacterial walls have been obtained as chemically heterogeneous particles by Rosato & Cameron 0964), Glazer et al. 0966) and Vidaver & Brock (I 966) . Further, the receptor particles isolated from Streptococcusfaecium appear to have contained both cell wall and plasma membrane components (Vidaver & Brock, I966) . Thus, in the case of the phage receptors of gram-positive bacteria, there is considerable uncertainty as to the individual roles of different cell wall polymers, the requirement of a definite arrangement of these polymers and the possible involvement of plasma membrane or other components.
Streptococcus laetis strain ML 3 adsorbs at least three different types of phage and possesses two kinds of receptor in the cell wall and a receptor specific for phage ml 3 in the plasma membrane (Oram & Reiter, I968) . This paper deals with the partial purification and characterization of the phage ml 3 receptor substance. Studies on the properties of the receptors located in the cell walls of S. laetis ML 3 will be reported elsewhere.
METHODS
Phage and host. Streptococcus lactis ML 3 and its lytic phage, ml 3, were obtained from the National Collection of Dairy Organisms. The conditions used for the growth of the host organism and its phage, the isolation of the plasma membrane and the determination of phage receptor activity were reported by Oram & Reiter (I968) .
Enzymes. The following enzymes were used to digest phage ml 3 receptor substance: trypsin, crystallized (EC 3.4.4.4) was purchased from BDH Chemicals Ltd, Poole, Dorset; phospholipase A, from Naja naja venom (EC 3.1. I. 4), and phospholipase D, from cabbage (EC 3-1"4"4), were purchased from Koch-Light Laboratories Ltd, Colnworth, Bucks; lipase, from wheat germ (EC 3. i. 1.3), was purchased from Sigma London Chemical Company Ltd. Phospholipase A was purified by the method of Ringlet, Minakami & Singer (1963) .
Calibration proteins. The following proteins were used to calibrate a column of Sepharose 4B agarose-gel (Pharmacia (GB) Ltd, London) and as markers in polyacrylamide-gel electrophoresis: porcine thyroglobulin was purchased from Koch-Light Laboratories Ltd; bovine gamma globulin, Fraction II, and bovine plasma albumin, crystallized, were purchased from Armour Pharmaceutical Company Ltd, Eastbourne, Sussex; lactate dehydrogenase, from rabbit muscle (EC 1. I. I. 27) was purchased from the Boehringer Corporation (London) Ltd; xanthine oxidase, from buttermilk (EC 1.2.3.2), and myoglobin, crystallized, from sperm whale, were purchased from Seravac Laboratories (Pty) Ltd, Maidenhead, Berks; ovalbumin, crystallized, and cytochrome C, from horse heart, were purchased from Sigma London Chemical Company Ltd; chymotrypsinogen A, 6-times crystallized, was purchased from BDH Chemicals Ltd.
Extraction of phage receptor substance from the plasma membrane. Streptococcal phage receptor substance 6I experiments the supernatant fluid was dialysed against deionized water at 4 ° for several days, with daily changes of water, and finally freeze-dried. The extract was generally stored at -2o ° in the presence of deoxycholate.
Partial purification of the phage receptor substance by Sepharose-gel filtration. The deoxycholate extract, in ~o to ~5 ml. portions, was filtered through a 98 x 2"5 cm. column of Sepharose 4B equilibrated with o.2 M-KCI+ o'o5 M-tris+ HC1 buffer, pH 8.o, containing o'25 % sodium deoxycholate at 4 °. The column was eluted with the same buffer at a flowrate of 3o ml./hr and 5 ml. fractions were collected and analysed for phage receptor activity. The molecular weights of the eluted lipoprotein fractions were estimated by calibration of the column with proteins already listed. Their elution volumes were determined from measurements of extinction at 225 nm.
Extraction of lipids from lipoprotein. Lipoproteins were extracted with diethyl ether and ethanol at -2o ° (Scanu, Lewis & Bumpus, I958 ) . The freeze-dried lipoprotein 0o mg.) was dissolved in 2"5 ml. of o.o~ M-tris + HC1 buffer, pH 7"5, and 2.o ml. of this solution was extracted with 55 ml. of diethyl ether+ethanol (2: ~, by vol.) at -2o ° for 2 hr. The precipitate was collected at -2o ° by filtration through Whatman No. 4o filter paper which had been pre-washed with ether and extracted with ether in a modified Soxhlet apparatus (Scanu et al. ~958) at -ao ° for 24 hr. The protein residue was finally dried over silica gel at 4 ° for 48 hr to yield about 3 mg. This dissolved readily in o.oI M-tris + HC1 + o.I M-NaC1 buffer, pH 7"5, indicating the absence of denaturation. After the removal of solvents in vacuo, the lipid extract was dissolved in o'25 ml. of benzene. When Ioo rag. of the plasma membrane, containing 38 % lipid, was extracted under these conditions, the residual material contained less than ~ % lipid.
Digestion of phage receptor substance with enzymes. Phage receptor substance was digested with the following enzymes; trypsin, phospholipase A, phospholipase C, phospholipase D and wheat germ lipase. The reaction mixtures contained 285/~g. of phage receptor substance (~5Io units of receptor activity), o or 50 #g. of enzyme and IO #moles of either tris+HCl buffer, pH 7"3, or potassium phosphate buffer, pH 6"0, in a total volume of o'25 ml. Phosphate buffer was used in reaction mixtures containing phospholipase D, and all other mixtures contained tris+ HC1 buffer. In addition, the following reaction mixtures contained CaC12; phospholipase A (o'25 #moles), phospholipase C (2"5 #moles) and phospholipase D (2. 5 #moles). All reaction mixtures were incubated at 37 ° for 2 hr, except for those containing phospholipase D, which were held at 3 o°. None of these enzymes affected the plaque-forming ability of phage ml 3.
Periodate oxidation of phage receptor substance. Freeze-dried phage receptor material was dissolved in water (236 #g./ml.) and o'5 ml. portions were mixed with equal volumes of solutions of sodium metaperiodate in o.o 5 M-sodium acetate buffer, pH 4"5. The reaction mixtures were incubated in the dark at o ° for ~ hr, excess periodate was destroyed by the addition of o.~ ml. of M-ethylene glycol before analysis by the quantitative precipitin reaction and the phage inactivation test.
Immunological methods. Antisera were prepared by the twice-weekly subcutaneous injection into rabbits of an unfractionated mixture of the cell wall and plasma membrane (IO mg./ml.). Antibodies produced against cell wall antigens were absorbed by incubating a suspension of cell wall (~o mg./ml.) in antiserum at 37 ° for ~ hr. After storage at 4 ° for 24 hr, cell wall+antibody complexes were removed by centrifugation. Antigen +antibody reactions were studied qualitatively by the agar diffusion method of Mansi (1954) and quantitatively as described by Kabat 096~). Total nitrogen in the immunoprecipitates was determined by the method described by Umbreit, Burris & Stauffer (I957).
Analytical ultracentrifugation. A 1% solution of phage receptor lipoprotein in
o.2M-NaCI+o.oI M-tris+HC1 buffer, pH8.o, containing o'5% sodium deoxycholate, was centrifuged in a 4°-wedge, single sector, cell at 59,78o rev./min., using a Beckman Model E ultracentrifuge. The temperature was controlled at 26 ° (±o-I °) and schlieren patterns were recorded on photographic plates.
Polyacrylamide-gel electrophoresis in the presence of sodium dodecyl sulphate. This followed the method of Shapiro, Vinuela & Maizel 0967). Gels, 6xo.5 cm., contained 7"5% acrylamide, o'25 % N,N'-methylene-bis-acrylamide, both recrystallized before use (Loening, I967) , with o.I M-sodium phosphate buffer, pH 7"2, and o.~ % sodium dodecyl sulphate. Immediately before use, excess catalyst and unpolymerized monomers were removed by electrophoresis at 6 mA/gel for 3 hr and the reservoir buffer was discarded. Samples for electrophoresis were prepared by dissolving freeze-dried material or crystalline proteins, at a concentration of 2 mg./ml., in o'o~ M-sodium phosphate buffer, pH 7"2, containing 1% sodium dodecyl sulphate. After incubation at 37 ° for I hr, portions of these solutions received o.o2 vol. of 2-mercaptoethanol and incubation was continued, under N2, for I hr more at 37 °. Proteins reduced with mercapto-ethanol were alkylated by the addition of o.o25 vol. of acrylonitrile and the solutions incubated at 25 ° for 4 hr followed by I6 hr at 4 °. The samples were made IO % with respect to sucrose and 5o #1. portions layered on the gels. After electrophoresis at 3o v (5 mA/gel) for 4 hr, proteins within the gel were fixed by overnight immersion in 2o ~o (w/v) sulphosalicylic acid and stained for 6 hr with an aqueous solution of o'25 % Coomassie blue. The stained gels were washed with 7 % acetic acid and the gel patterns recorded with a double-beam recording densitometer (Chromoscan, mark 2; Joyce, Loebl & Co Ltd, Gateshead, Co. Durham).
Chemical analyses. Protein, RNA and lipid were determined by the methods previously used by Oram & Reiter 0968). Carbohydrates were determined by the anthrone method of Roe (I955) using glucose as a standard. To correct for the non-specific reaction with protein, samples were heated with sulphuric acid in the absence of anthrone. The plasma membrane and soluble lipoproteins were hydrolysed with constant-boiling HC1 at Io8 ° for ~8 hr under N2 and amino acids were determined in an automatic amino acid analyser (Evans Electroselenium Ltd, Halstead, Essex) by the method of Moore, Spackman & Stein 0958).
RESULTS

Isolation and partial purification of phage receptor substance from the plasma membrane
Although trypsin causes the release of some receptor activity from the plasma membrane (Oram & Reiter, I968), a more quantitative release occurred when the membrane was dissociated with sodium deoxycholate. Best results were obtained when about o. 4 parts, by weight, of sodium deoxycholate was added to a suspension of the membrane in buffer, pH 8"0, at 37 °. Under these conditions, the extinction \t' E~em-650~.j ~ of the membrane suspensions fell by 9 ° to 95 % within I hr with the release of about 90 % of the phage receptor activity in a form not sedimented by centrifuging at 40,000 rev./min, for 3o rain.
A twelvefold puiification of the receptor substance was obtained by filtering the deoxycholate extract through a column of Sepharose 4B equilibrated with buffer solution, pH 8.0, containing o'25 % sodium deoxycholate. The pH value and concentration of deoxycholate in the buffer solution were important, since, in the absence of deoxycholate, the flow through the column soon stopped, presumably due to the formation of large aggregates of lipoprotein (see below). The solvent gelled at 4 ° at higher concentrations of deoxycholate and at lower pH values.
Two main lipoprotein-containing fractions were obtained from the column of which only the second inactivated phage (Fig. I ). These were followed by a peak which contained either RNA or, more probably, its degradation products. The recovery of phage receptor activity from the second lipoprotein fraction, hereafter referred to as the phage receptor substance, varied from 65 % to 9o% of the amount applied to the column (Table I) . Attempts to purify further the receptor substance by precipitation with ammonium sulphate or by chromatography on DEAE-cellulose produced considerable losses in receptor activity. Fractions from Sepharose 4B column (see Fig. i Propertie~ of the phage receptor substance Stability. In the presence of sodium deoxycholate, phage receptor activity remained stable for several weeks when stored at either 4 ° or -2o °. However, when the extract was dialysed against either deionized water or o.I M-KC1 + o'o5 M-tris + HC1 buffer, pH 7"5, at 4 ° and then stored either at 4 ° or at -zo °, much lipoprotein became insoluble and receptor activity was greatly reduced. However, activity was almost completely restored by dis- (Table 2) . A similar reversible loss of activity occurred when dialysed preparations were freeze-dried. Therefore, solutions made from freeze-dried material were treated with ultrasound for 30 sec. Inactivation of phage. The phage receptor substance, like the plasma membrane (Oram & Reiter, I968 ), was specific for phage ml 3 and was active only in the presence of either uni-or divalent cations. One #g. of receptor substance inactivated about 3 × lO6 p.f.u. within 3 o min. at 3 o°, but almost none at o °. At 30 ° the inactivation of phage ml 3 followed first-order reaction kinetics; in the presence of I mg. of receptor substance, k = o'53 min. -x at pH 6.8. The rate of phage inactivation was independent of pH value within the range from pH 6.o to pH 8.0, but little or no inactivation occurred at pH 9"o. Phage ml 3 was inactivated, in the absence of receptor material, at pH 5"5.
Size and composition. The phage receptor substance was eluted from the Sepharose 4B column with an elution volume which, by comparison with those of calibration proteins (see Methods) indicated that it contained lipoproteins with molecular weights ranging from 2oo,ooo to 8oo,ooo (Fig. I) . These values are approximate since proteins were used to calibrate the column in the absence of suitable lipoproteins. The actual molecular weights of the receptor lipoproteins were probably lower than those indicated since, as the partial specific volumes of lipoproteins are greater than those of proteins, the elution volume of a lipoprotein would be expected to be less than that of a protein of the same molecular weight. The first, inactive, lipoprotein fraction was eluted in the column void volume, and appeared to possess particle weights of at least 3 × IOn.
When a 1% solution of the phage receptor substance in 0.2 M-NaCl+o-oI M-tris+HCl buffer, pH 8.o, containing o'5~ sodium deoxycholate was examined in the analytical ultracentrifuge, it sedimented as a single diffuse boundary of Z.ZlS at z6 ° (S~o,,~ 1"91).
Increasing the solvent density from I'OO 5 to I'065 at 26 ° by the addition of NaC1 to a final concentration of 1.6z M resulted in a lowering of the S~o,w value to o.z6s. Salting out of lipoprotein occurred at higher salt concentrations.
Apart from the absence of RNA, the phage receptor substance was similar in composition to the plasma membrane. Freeze-dried material contained approximately 51% protein, 39 % lipid and 2 ~o carbohydrate. After hydrolysis of phage receptor substance with o'5 N-HC1 at IOO ° for I8 hr, glucose and galactose were detected by paper chromato-graphy. Since rhamnose, muramic acid and glucosamine were not detected, cell wall material appeared to be absent.
The phage receptor substances obtained by treating the plasma membrane with either trypsin or sodium deoxycholate were similar in amino acid composition, both containing higher mole percentages of aspartic acid and glutamic acid and lower mole percentages of hydrophobic (apolar) amino acids than the plasma membrane and the inactive fractions and 3 obtained from the Sepharose column (Table 3 ). These may be expressed more clearly as the ratios of the mole percentages of hydrophilic to apolar amino acids (H/A ratios), calculated as described by Hatch & Bruce 0968). The H/A ratios for the receptor materials isolated from trypsin and deoxycholate extracts of the plasma membrane were 1-68 and 2.20, respectively, and those of the plasma membrane and Sepharose column Io-3 7"2 9" I 7"2 8"3 Methionine ~" 5 z. 3 0"9 0"9 l '9 Isoleucine 7"2 6"~ 8"0 5"6 8"8 Leucine 9"7 8"7 IO.6 7.2 I2.2 Tyrosine 3"4 2"9 2'7 l "3 3"3 Phenylalanine 5"4 4'o 5'4 2"7 6'3 Lysine 6.8 5"9 7"2 8"4 6"5 Histidine 2'4 2.I 2" 4 2.4 I-4 Arginine 3"4 3"I 5"4 2.2 3"2 Phage receptor activity 308 *oI7 o 394o 69 (units/mg.)
Amino acid values are the averages of duplicate analyses. fractions ~ and 3 were I.i7, 1.25 and i.o2, respectively. Hence, although the H/A ratios of the plasma membrane and Sepharose column fractions ~ and 3 appeared to be typical for membranous lipoproteins, the H/A ratios of the two preparations of phage receptor material were similar to those of soluble proteins or lipoproteins (Hatch & Bruce, I968) . Furthermore, the mole percentages of the charged amino acids in the preparations of phage receptor materiaI, 37"o % and 34"3 %, were aIso characteristic of soluble proteins or lipoproteins, whereas those of the plasma membrane and Sepharose column fractions and 3, 29"8 %, 29"2 °/o and 24"7 %, respectively, were typical of membranous lipoproteins (Hatch & Bruce, I968 ). Therefore, it seems possible that the phage receptor substance was not a typical structural component of the plasma membrane and that its rather different amino acid composition reflected its specialized phage receptor function.
Polyacrylamide-gel electrophoresis in the presence of sodium dodecyl sulphate. Electrophoresis of the plasma membrane, dissociated with 1% sodium dodecyl sulphate and 2 % mercaptoethanol, revealed the presence of a large number of polypeptide components (Fig. 2a) . When sodium dodecyl sulphate alone was used to dissociate the membrane, part of the protein remained at the top of the gel and bands I to 6 were either absent or very faint, indicating that these polypeptides were linked by disulphide bridges to form large polymers within the membrane. Very low concentrations of polypeptides [ to 9 were obtained from the two lipoprotein fractions obtained from the Sepharose column (Fig. 2b, c) , even when mercapto-ethanol was present in the dissociation mixture, but these were prominent in sodium dodecyl sulphate+mercapto-ethanol extracts of the insoluble residue obtained when the plasma membrane was extracted with deoxycholate. ~Ihe phage receptor material (Fig. 2c) protein fraction obtained from the Sepharose column (Fig. 2b) . Thus, only trace amounts of polypeptides IO, i2, I3, I4 and 2o were present in the phage receptor substance. Although the first lipoprotein fraction contained little of polypeptide I7, this was a major constituent of the phage receptor substance. By comparison with the plasma membrane and the first lipoprotein fraction, the receptor substance also contained a high proportion of polypeptide I6 and a low proportion of polypeptide I5.
The molecular weights of some of the membrane polypeptides were determined by comparing their electrophoretic mobilities with those of calibration proteins (Fig. 3) . Polypeptides I to 4 are not included in Fig. 3 as they had molecular weights > Ioo,ooo, outside the calibration range. The polypeptides of both soluble lipoprotein fractions had relatively low molecular weights. Thus, in the first lipoprotein fraction, the apparent molecular weights ranged from 8ooo for polypeptide 2o to about 58,ooo for polypeptide Io, the highest concentration of protein being in polypeptides I4, I5 and I6 which had apparent molecular weights of 3 I,OOO, 25,ooo and 2o,ooo, respectively. In the phage receptor substance, most of the protein was present in polypeptides 15 to I9 which had apparent molecular weights in the range from 25,ooo to IO,OOO. Polypeptide 17, which was confined largely to the phage receptor material, had an apparent molecular weight of about I6,ooo.
Serological properties. Both the lipoprotein fractions obtained from the Sepharose column gave strong precipitin lines in agar-gel immunodiffusion tests with antibody to whole cocci or the plasma membrane of Streptococcus lactis ML 3 but gave no reaction with antibody to the cell wall of this organism, or with antibodies to whole cocci of 8 other strains of group N streptococcus. The precipitin lines given by the two lipoprotein fractions appeared to be identical. Phage receptor substance (lo mg.) was extracted with ether +ethanol at -2o ° and a 0'5 % solution of the extracted protein and a o'o5% emulsion of the lipid fraction were made in o-I M-KC1 +o-o5 M-tris +HCI buffer, pH 7'5. Equal volumes of protein solution and of lipid emulsion were mixed and incubated at 37 ° for I hr before testing for receptor activity.
The roles of protein, lipid and carbohydrate in receptor activity
As the adsorption of phage ml 3 to its host is reduced greatly by extracting the host cocci with lipid solvents (Oram & Reiter, I968) , it was of interest to determine whether the presence of lipid was essential for the activity of the isolated receptor substance. The soluble protein obtained by extracting the phage receptor substance with ether+ethanol at -2o ° possessed little or no receptor activity (Table 4) . However, phage ml 3 was not inactivated by the extracted lipid and attempts to restore activity by adding an emulsion of lipid in buffer to the lipid-free protein were unsuccessful. Although this result appeared to confirm the importance of lipid in the adsorption of phage ml 3, lipid may have been required to maintain the receptor in a particular conformational state rather than as a direct participant in phage attachment. To determine whether specific lipid components were essential for receptor activity, phage receptor receptor activity but greatly reduced the capacity of the lipoprotein preparation to precipitate antibody to the plasma membrane (Fig. 4) . Oxidation with o-~ M-periodate reduced the amount of nitrogen in the immuno precipitate to about 25 % of the 'control' value, indicating that, although most of the antigenic molecules in the preparation had carbohydrate-type determinants, the phage receptor substance did not.
Effect of antibody on phage receptor activity
Experiments with the plasma membrane of Streptococcus lactis ML 3 indicated that the adsorption of phage ml 3 was reduced markedly in the presence of antibody to the plasma membrane. The effect of antibody on the activity of the isolated receptor substance was tested by mixing o'5 ml. portions of a solution of receptor material (24o #g. of N/ml.) in phosphate buffered saline, pH 7"4, with dilutions, in the same buffer, of antibody to the plasma membrane. The mixtures were incubated at 37 ° for I hr and then held at 4 ° for 7 days. After centrifugation in the cold the supernatant fluids were examined for receptor activity. Receptor activity was sensitive to the presence of antibody: the addition of sufficient antibody to precipitate only 5 % of the total amount of antigen in the preparation. caused a 5o % reduction of receptor activity (Fig. 5) .
DISCUSSION
The receptor substance for phage ml 3 is of interest since, unlike the receptor substances of most other phages, it is located in the plasma membrane of the host bacterium. The attachment of a phage particle to a receptor site located in the host cell wall probably follows the random collision between the phage and its host. However, the contact between phage ml 3 and its receptor requires the prior penetration of the host cell wall by the tail of the phage. Oram & Reiter (1968) suggested that this penetration may involve the puncture of the cell wall by the lytic enzyme associated with the phage tail. Since then, however, Hirst & Stubbs 0969) have shown, by electron microscopy, that the cell wall &Streptococcus lactis possesses a number of cone-shaped holes, with a smallest diameter of about 2o nm., which appear to be filled by conical protrusions from the plasma membrane. As the tail of phage ml 3 has a cross-sectional diameter of about 9 nm. (Bradley & Kay, I96o) , it appears that the holes are large enough to permit the phage tail to pass through the cell wall and to attach to the receptor in the plasma membrane. Thus, receptors may be confined to areas of the membrane accessible through a hole in the cell wall.
Phage ml 3 receptor substance was isolated from the host plasma membrane as a complex of lipid, protein and carbohydrate with molecular weights between 2oo,ooo and 8oo,ooo. The phage receptor substance probably contained lipoprotein as receptor activity was reduced by digestion with trypsin and was destroyed by the removal of lipid by a method which did not denature the apoprotein. The lack of effect of lipase or phospholipases on receptor activity may indicate that neither glycerol esters nor phospholipids are essential for receptor activity. However, confirmation of this would require that activity is unaffected by the quantitative release from the receptor material of fatty acids, choline or ethanolamine.
The phage ml 3 receptor resembled a lipoprotein-containing phage receptor from Proteus mirabilis which also resists digestion with lipase (Zickler, x967) .
The resistance of receptor activity towards oxidation by periodate indicated that carbohydrate was not an essential component. Hence, the phage ml 3 receptor differed from the periodate-sensitive receptor of a phage attacking Streptococeusfaecium (Vidaver & Brock, I966 ) but resembled the poliovirus receptor substance isolated from HeLa cells by Holland & Hoger (I962) . Since periodate oxidation destroyed about 75 % of the total antigen in the phage receptor preparation without affecting its receptor activity, it appeared that not more than 25 % of the lipoprotein molecules in this preparation possessed receptor activity. Further, since the specific activity (units/mg. of protein) of the phage receptor substance was about twelve times greater than that of the plasma membrane, the receptor substance probably comprised less than 2 ~o of the membrane.
The phage receptor substance obtained from the Sepharose column was heterogeneous in size, chemical composition and immunological properties. Thus, it sedimented with a diffuse boundary in the analytical ultracentrifuge, contained protein, lipid and carbohydrate and a number of polypeptides of different molecular weights. In addition, receptor activity was apparently confined to a periodate-resistant fraction. Therefore, it was not possible to relate receptor activity to one particular lipoprotein or polypeptide molecule. Although the polypeptides found in the phage receptor substance were similar to those present in the first, inactive, lipoprotein fraction obtained from the Sepharose column, there were differences in their relative proportions in the two fractions. For example, polypeptide t7 was a major component in the phage receptor substance but was present only in trace amounts in the first lipoprotein fraction. It is not known whether these differences are relevant to receptor activity, which may require components other than the polypeptides detected on polyacrylamide gels. However, it is also possible that receptor activity requires a special configuration, or mosaic of polypeptides, or polypeptides plus lipids, and that this configuration was present in material obtained in the second, but not in the first, fraction from the Sepharose column.
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